abstract BACKGROUND AND OBJECTIVE: Children and adolescents with attention-deficit/hyperactivity disorder (ADHD) are prone to sustaining trauma that requires emergency department (ED) admission. Methylphenidate (MPH) can reduce ADHD symptoms and may thus theoretically reduce the risk of trauma-related ED admission, but previous studies do not make this association clear. This study examines this association.
Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder that is common among school-aged children and adolescents. It is characterized by pervasive and impairing hyperactivity, inattention, and impulsiveness 1 and has a worldwide prevalence of ∼5%. 2 ADHD can have a profound effect on relationships with family and friends, as well as hamper academic performance. 3 Therefore, behavioral intervention and/or drug treatment is usually required to mitigate these symptoms and impairments. Guidelines from the National Institute for Health and Clinical Excellence in the United Kingdom recommend the use of methylphenidate (MPH), dexamfetamine, and atomoxetine when drug intervention is considered appropriate for the management of ADHD symptoms. 4 In the past 2 decades, ADHD prescribing trends have risen rapidly in the United States, 5 Canada, 6 the United Kingdom, 7, 8 and Hong Kong. 9 Clearly, it is important to evaluate the benefits versus the risks (ie, adverse effects) of ADHD medications in clinical practice.
It is well recognized that patients with ADHD are prone to accidents and are more likely to visit the emergency department (ED). 10 Previous studies show that patients with ADHD have a higher tendency of sustaining trauma and other injuries that result in ED admissions. [10] [11] [12] [13] [14] [15] [16] Studies also suggest that poor concentration in some patients with ADHD may contribute to the high incidence of ED admissions 10, 11, 17 and traffic accidents. 18 ADHD medications have been demonstrated to effectively reduce ADHD symptoms (eg, by improving concentration). 17, [19] [20] [21] [22] Theoretically, ADHD medications could therefore reduce the likelihood of traumarelated ED admissions. Recent studies evaluated the effect of ADHD treatment on driving performance, 23 ,24 medically attended injuries, [25] [26] [27] and serious traffic accidents. 28 The results provided both positive and negative evidence that injuries or trauma in general can possibly be prevented by the use of medications. However, prevention of trauma has not been recognized as a benefit of ADHD pharmacotherapy in clinical practice guidelines. A reduction in ED admissions not only represents significant savings in health care costs but is also a proxy indicator for diminished harm from injury events. Classic epidemiologic methods and study designs, which made comparisons between patients with or without MPH treatment, may be biased due to confounding by indication and ADHD severity. This bias creates difficulties in the research of ADHD and the risk of trauma with respect to medications. Previous studies have compared the incidence of ED admission or trauma-related hospitalization of patients with and without MPH treatment. 17, 27 However, these studies were inconclusive because sample size and methodologic and data source limitations made it difficult to determine whether positive results were due to treatment or other important differences between patients.
In the present study, we hypothesized that the use of MPH can reduce the risk of ED admission due to trauma in children with ADHD. Consequently, the aim of the study was to assess the association between MPH and the risk of trauma-related ED admission by using the self-controlled case series (SCCS) method. With this method, comparisons are made within subjects with trauma-related ED admission who have been prescribed MPH in the setting of a territory-wide hospital database in Hong Kong.
METHODS

The Clinical Data Analysis and Reporting System
This study was conducted by using the Clinical Data Analysis and Reporting System (CDARS), an electronic health record database developed by the Hong Kong Hospital Authority (HA), a statutory body that manages all public hospitals and their ambulatory clinics in Hong Kong. The service is available to all Hong Kong residents (.7 million). CDARS has been used previously for various epidemiologic studies, including MPH-prescribing trends in Hong Kong 9,29,30 and trauma-related ED admissions, [31] [32] [33] and has proved to be a reliable database for research. Patient-specific data, which are recorded by trained clinicians, typically include basic demographic information, payment method, prescription information, pharmacy dispensing information, diagnosis, and admission and discharge information. 34 CDARS contains the records of all inpatient, outpatient, and ED admissions in Hong Kong Hospital Authority clinics and hospitals since 1995. Records are anonymized to protect patient confidentiality, and unique patient reference numbers were generated to facilitate data retrieval. Detailed descriptions of CDARS can be found elsewhere. 9 This study protocol was approved by the institutional review board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster (reference number: UW 12-136).
SCCS Design
The SCCS study design 35 was specifically selected to investigate the association between MPH and trauma-related ED admissions. This method has been used previously to investigate the safety of vaccines 36 and other drugs. 37 In SCCS, each patient serves as his or her own control, and the modeling is conditional in that all cases will experience the outcome of interest at some stage. 35 This study design relies on within-person comparisons in a population of subjects who have both the outcome and the exposure of interest. 35 Incidence rate ratios (IRRs) were derived by comparing the rate of events during exposed periods (on medication) with the rate during all other observed time periods (off medication). A major advantage of this design is that the potential time-invariant confounding effect of both recorded and unrecorded fixed characteristics that vary between individuals (eg, genetic factors, underlying disease severity, socioeconomic factors) are removed. Furthermore, we are able to adjust for factors that vary with time, particularly age and seasonal effects. However, unmeasured time-varying confounders (eg, nonpharmacologic treatment, parental supervision, school factors) may still affect the study results.
Case Identification
Subjects aged 6 to 19 years who received at least 1 prescription of MPH with at least 1 trauma-related ED admission during the study period (January 2001-December 2013) were identified in CDARS. Individual observation periods commenced on January 2001 or the sixth birthday of the patient (whichever was later) and ended on December 2013, the 20th birthday of the patient, or the date of registered death (whichever was earlier). We commenced follow-up at 6 years of age because MPH is not recommended for younger children. 38 Patients with at least 1 prescription of atomoxetine were excluded from the analysis to avoid coprescribing situations, which may affect comparisons. Only MPH and atomoxetine are licensed for the treatment of ADHD in Hong Kong.
Exposures and Outcomes
For each included participant, prescription records of all MPH and trauma-related ED admission records were identified. All formulations of MPH (standard and extended release) and all strengths were included in the analysis. Exposed periods were defined as time on medication and were estimated by the duration between prescription start and the end date recorded in CDARS for each prescription. More than 99% of prescriptions have the intended start and end date of the treatment recorded in our data set. Daily dosages and quantity prescribed were used to determine the length of treatment if prescription end dates were not available. Median imputation was conducted when the aforementioned prescription information was missing. Periods within the observation phase other than exposure periods were classified as baseline periods. We did not assume participants received continuous treatment upon initiation of MPH. We avoided this assumption because clinicians may offer drug holidays to ADHD patients during school holidays.
A pictorial presentation of the study design for a single hypothetical participant timeline is illustrated in Fig 1. Physicians defined traumarelated admissions upon participants' attendance at hospital ED departments. An identification code in CDARS (traumatic case = yes) was used for data retrieval. The corresponding date of ED admission was identified as an event date. All admission episodes were included in the analysis.
Statistical Analysis
The primary analysis investigated the relationship between MPH treatment and the occurrence of trauma-related ED admissions by comparing the rate of events during exposed periods versus the rate of events during baseline periods. Adjusted IRR and the corresponding 95% confidence intervals (CIs) were calculated by using conditional Poisson regression, adjusting for age in 1-year bands and seasonal effect. The gender and age effects were assessed by using a stratified analysis. The number needed to expose to cause 1 less event was calculated by using the formula developed by Wilson and Hawken. 39 A significance level of 5% was used in all statistical analyses. Microsoft Excel (Microsoft Corporation, Redmond, WA) and SAS version 9.3 (SAS Institute, Inc, Cary, NC) were used for data manipulation and analysis.
Sample Size Calculation
With reference to the equation developed by Musonda et al, 40 an IRR of 0.9 with 80% power (2-sided 95% CI) could be detected with a minimum of 4062 trauma-related ED admissions.
FIGURE 1
Illustration of SCCS study design to evaluate the association of MPH treatment and the risk of trauma-related ED admission.
Sensitivity Analyses
Several sensitivity analyses were conducted to test the validity and robustness of the study results. First, we assessed the association between MPH treatment and nontraumarelated ED admissions. To our knowledge, there is no published evidence or pharmacologic/biological hypothesis to support MPHassociated reduction of nontraumarelated ED admission. Thus, nontrauma-related ED admissions were selected as a negative control for validation purposes. If a harmful or protective association were found in this analysis, it would raise the possibility that our study design is prone to bias. Second, only the first incident episode of ED admission was considered a relevant outcome to test whether recurrent outcomes are independent because this test is an important assumption underpinning the SCCS method. Third, alternative analyses were conducted based on different drug nonadherence scenarios. Each exposed period was further extended by adding 1 to 10 weeks after the end of an exposed period to assess this effect. Fourth, because the event may potentially precipitate MPH exposure, a 7-day pre-exposure period was added to remove the short-term impact of this effect. Fifth, to access the sensitivity of age banding used, an analysis with a 6-month age band rather than annual bands were used to reaffirm the results. Finally, additional analysis was conducted by restricting patients to those with .1 prescription to ensure a reasonable length of medication use.
RESULTS
From 17 381 eligible participants in the CDARS database, 4934 were included in the primary analysis (Fig 2) . Of these participants, 4309 (87%) were male and 625 were female (13%). The mean age at commencement of observation was 6.9 years, and the mean duration of follow-up per participant was 8.3 years. On average, each participant was exposed to MPH for 1.95 years. The median length for 1 prescription was 70 days. There were 8428 trauma-related ED admissions, of which 6416 occurred at baseline periods and 2012 during the MPH treatment period. The overall incidence of trauma-related admissions in the participants during the study period was 21 per 100 patient-years (Table 1) . No participants died during the study period. ADHD diagnosis and psychiatric comorbidities in this group of patients are shown in Table 3 ). The number needed to expose was 88.
The robustness of the effect estimates was assessed in subsequent sensitivity analyses. An analysis using the first episode of admission produced similar results. The adjusted IRR for the first traumarelated ED admission was 0.89 (95% CI: 0.82-0.96); the results were again consistent for both male and female subjects (male: 0. The adjusted IRR did not change substantially after adding 1 to
FIGURE 2
Flowchart of patients included.
10 weeks to the end of each exposed period. The estimates ranged from 0.91 to 0.92 for models considering all episodes and 0.88 to 0.90 for first episodes only, with all attaining a statistically significant result (Fig 3) . (Table 4) . Other sensitivity analyses also produced similar results. All analyses consistently indicated that MPH was associated with a reduced risk of trauma-related ED admission.
DISCUSSION
In this study, we found that use of MPH medication was associated with a statistically significant reduction in the risk of trauma-related ED admission. This finding supports the hypothesis that for those treated with MPH, the treatment is associated with a reduced the risk of trauma. This protective effect was clearly present among participants aged 6 to 19 years with the rate of their trauma-related ED admissions significantly lower during MPH treatment periods compared with nontreatment periods. As hypothesized, the validation analysis, using nontrauma cases as the negative control, found no evidence to suggest that MPH treatment reduces the risk of nontrauma-related ED admissions. This finding further strengthens our conclusion that the reduction in risk of traumatic admission was due to MPH medication rather than other factors that vary with time. The results were shown to be robust and minimally affected by changes in outcome and exposure classification, performed to test robustness to the SCCS study design assumptions.
The effectiveness of MPH in preventing trauma for female subjects was not clear in the literature, and whether there is a gender difference on the effect of medication on trauma was not known. 17, [20] [21] [22] 26 Because our study had a considerably larger sample size and power than these previous studies, we were also able to evaluate the effects of medication according to gender and found similar benefits for both male and female subjects. There were no significant differences in reduction of trauma risk between 41 Furthermore, confounding may have resulted from unmeasured factors that are associated with ADHD treatment and ED admissions, such as change in severity of ADHD, parental supervision, and personal behavior. Nonetheless, these studies reported an indication of potential association, which warrants further exploration.
Raman et al 26 used The Health Improvement Network database to investigate the association between stimulant treatment and injury. There are several potential problems with the information from this database: the injury codes were not validated and the diagnosis date recorded on the database was dependent on the discharge summary from the hospital to the corresponding general practitioner. Because the accurate timing of exposure and outcome is vital when using the SCCS design,
FIGURE 3
Sensitivity analyses on exposure periods by adding 1 to 10 weeks after the end of each exposed period. these issues may have affected the accuracy of the study's findings. Our study addresses these issues. We used SCCS, in which unmeasured confounders that are constant over time were controlled by study design. In contrast to previous studies, our data on outcomes came directly from ED admission records from CDARS, a hospital database in which the precise event date was available. Consequently, we were able to avoid issues of data entry delay for the reported ED admissions in the primary care database, which may affect accuracy of the IRR estimate.
There are a number of limitations to our study, however. The first arises from the definition of the traumarelated ED admission outcome. It is standard operating procedure for ED physicians in the Hong Kong Hospital Authority to classify ED admission as "trauma" or "non-trauma." Although previous studies on trauma-related ED admissions have demonstrated the reliability and validity of these records, [31] [32] [33] detailed diagnostic codes for trauma are not available. As a result, we were unable to identify the actual type of trauma (eg, head trauma, hip trauma). However, our aim was to investigate whether MPH treatment was associated with trauma-related ED admission overall; therefore, the type of trauma was only of secondary interest.
We applied the SCCS design, in which participants were those prescribed MPH. The study results may thus not be generalizable to those with ADHD but were not prescribed MPH. Furthermore, patients prescribed both MPH and atomoxetine were excluded, which may have excluded patients with more severe ADHD.
Data from private medical practitioners were not available in CDARS. Thus, we were not able to include prescriptions from the private sector, which may potentially cause misclassification of the exposed period. However, in our previous study, the public sector was the main provider of specialist care, 42 with very few private child psychiatrists in Hong Kong. 9, 43 Patients with longterm neurodevelopmental disorders such as ADHD are generally treated in the public health care sector, 9 and, therefore, the vast majority would be included in this study. Similar to other pharmacoepidemiologic studies using automated databases, CDARS provides prescription data but not adherence (compliance) to medication, which may lead to misclassification of exposure periods. However, the potential for noncompliance in the sensitivity analysis were addressed, and the results were robust. Moreover, such misclassification would tend to mask any protective effect, leading to a relative risk biased toward 1. A STITCH IN TIME OR IN RUNNING: I am not a natural runner. While I periodically run 5 to 10 kilometers, it is never easy for me. Often I develop a sharp pain in my side and have to slow my pace. The pain, commonly referred to as a 'stitch,' has always been a bit mysterious to me. After all, I never get stitches cycling regardless of how hard or long I ride. It seems that stitches, like hiccups, are mysterious not only to ordinary people but medical professionals as well.
CONCLUSIONS
As reported in The Wall Street Journal (A-Hed: November 2, 2014), there has been little research on the condition and no consensus as to the cause. Some suggest that the stitch, also known as exercise-related transient abdominal pain (ETAP), may be due to a multitude of factors, diaphragmatic irritation, or peritoneal irritation. Regardless of the cause, ETAP has been around a long time. Pliny the Elder described ETAP in the first century AD, as did Shakespeare in The Tempest. Evidently, all types of athletes can develop ETAP, including swimmers, runners, equestrians, basketball players, cyclists, and even motorcycle riders. ETAP is more common in younger than older athletes. Regardless of the cause, the effect is the same -athletic performance can be impeded. For some, the pain is fleeting, but others can only control the pain by slowing or entirely stopping the pace of exercise. The good news is that ETAP is not associated with any long term problems or disability. Prevention seems the key. Some data suggest that core strengthening helps prevent ETAP as does avoidance of fatty or sugary foods immediately before exercise. As for me, I will concentrate on prevention -particularly as Pliny the Elder's advocated treatment (an aural injection of she-goat urine) seems worse than the condition.
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